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EPIDERMAL
scales are among the most distinctive features of living Reptilia. The functional significance of variation in reptilian scale counts is generally unclear (but see Hecht, 1952; Bennett and Licht, 1975; Regal, 1975) , although numbers of ventral and subcaudal scales [which correspond directly to body and tail vertebrae (Alexander and Gans, 1966; Voris, 1975)] or their ratio may correlate with locomotor performance in garter snakes (Arnold and Bennett, 1988; Jayne and Bennett, 1989; unpubl.), and the number of head scales may affect cranial kinesis during ingestion of prey (S. J. Arnold, pers. comm.). Several early (Dunn, 1915 (Dunn, , 1942 Inger, 1942 Inger, , 1943 Hecht, 1952) and more recent studies (Fox, 1975; Arnold, 1988) have proposed or presented evidence suggesting that natural selection acts on scale counts, although the selective agents generally are not apparent; other authors have suggested that scale counts are often selectively neutral (Snell et al., 1984; Travis, 1989) .
Studies of variation in scalation are prominent among evolutionary investigations of snakes, particularly for studies of geographic variation (Fitch, 1940 (Fitch, , 1949 Klauber, 1941; Benton, 1980) and systematics (Ruthven, 1908; Thorpe, 1975; Rossman, 1979) . The utility of reptilian scale counts as characters for systematic analyses and for classification has usually been assessed by relative phenotypic variation. In general, scale counts that differ among species while also exhibiting low within-population variation are favored over those that fail to show distinct taxonomic or geographic differences (e.g., see discussion in Ruthven, 1908; Fitch, 1940; Thorpe, 1975) . For some scale counts, however, the magnitude of variation among individuals within a single population may exceed that existing among species (e.g., Ruthven, 1908) . Most studies of geographic variation and systematics have implicitly (e.g., Kluge, 1969) or explicitly (e.g., Lee, 1985) assumed that scales on the head are evolutionarily independent of scales on the body. In part, this assumption seems reasonable based on the observation that scales over different regions of the body develop at different times (Maurer, 1895, cited in Mad-? 1993 by the American Society of Ichthyologists and Herpetologists erson, 1985; see below). Reptilian scalation would, therefore, seem appropriate for analysis of the relationship between developmental variability and evolutionary divergence (see discussion in Atchley, 1987) .
When selection acts on single traits, those with substantial additive genetic variance (narrowsense heritability, hn2) should be relatively labile evolutionarily, because they can respond rapidly to selection. When selection acts on multiple traits, the pattern of evolutionary response is more complicated (e.g., Lande, 1979 Lande, , 1980 Lande, , 1988 , and theoretical models indicate how the genetic variance-covariance matrix may constrain the multivariate response to selection (see also Arnold, 1988; Zeng, 1988; Houle, 1991) . Patterns of within-population genetic covariation may also lead to correlated character divergence by genetic drift, even in the absence of correlated selection (Lande, 1979; Lynch and Hill, 1986; Lynch, 1989) . Moreover, it is widely claimed that "developmental constraints" may influence the course of evolution (Maynard Smith et al., 1985) , and one way to attempt quantification of such constraints is at the level of the genetic variance-covariance matrix (Cheverud, 1984; Maynard Smith et al., 1985; Charlesworth, 1990) .
Although estimates of narrow-sense heritabilities and of additive genetic correlations are of key importance for understanding multivariate evolution (e.g., Arnold, 1988; Boake, 1994; Brodie and Garland, 1993), we lack basic information about the inheritance of continuous or semicontinuous traits that are of general interest to morphologists and systematists (Atchley, 1983). For example, only two published studies have examined the genetic basis of phenotypic variation in reptilian scale counts (Beatson, 1976; Arnold, 1988) , and none has examined the genetic relationships of scale counts within a single region as compared with between different regions of the body (e.g., head versus trunk). Several studies document the inheritance of scale counts in fishes (Lindsey, 1988) , but none has reported genetic correlations. We suggest that the additive genetic variance-covariance matrix can be used to test the hypothesis that external scale counts constitute developmentally integrated traits.
The integument of snakes is a developmentally complex organ system, consisting of a superficial epidermal layer derived from the embryonic ectoderm plus adjacent dermis derived from mesoderm (Maderson, 1985) . Each scale develops as an "outpushing" of epidermis containing a papilla of mesodermal tissue; the broad upper surface of the papilla cornifies, resulting in the formation of a scute. Reptilian scale counts are thus "composite traits," being the product of interactions among genetic effects and developmental pathways (after Riska, 1989) . Considerable variation in the form and timing of development both among the regions of the body and within and among populations and species has been observed in reptiles (Maderson, 1985) . Body scales appear earlier in development than do head scales. Series of embryos showing all stages of early scale development are available for a few species of reptiles, including the common garter snake, Thamnophis sirtalis. Zehr (1962) recognized 37 stages in the development of garter snakes. Ventral and subcaudal scales appear at stages 30-31, whereas head scales appear at stage 35. Scales around the eyes and mouth appear prior to the appearance of the temporals and other head scales. Because Zehr worked with embryos from wildcaught pregnant females, information about the absolute timing of these stages is not available. From limited data provided by Zehr (Table 1, 1962 ), it appears that stage 30 occurs at the beginning of the third month of development, whereas the head scales appear about a week later. A plausible interpretation of these events is that head and body scales constitute separate developmental units. In addition, Olson and Miller's (1958) concept of "morphological integration" predicts that functionally or developmentally related characters should tend to evolve as a unit. We, therefore, predicted that genetic correlations-to the extent they evidence developmental interactions-would be relatively stronger for pairs of head scale counts or for pairs of body scale counts than for pairs of head-body scale counts. As a null hypothesis, this prediction is consistent with some simple models of development [e.g., as described by Riska (1986) and Zelditch (1987) ; both of these are for predictions of phenotypic covariation]. Because T. sirtalis is one of the few reptiles for which an embryological series relating stages of development is available (Zehr, 1962) , we have been able to compare our estimates of correlations with predictions based on developmental considerations.
MATERIALS AND METHODS
All specimens used in this study were born to 47 female garter snakes (Thamnophis sirtalisfitchi) collected from the vicinity of Eagle Lake, Lassen County, California between 9 June and 4 July 1984 (Garland, 1988) . The gravid females were taken by car to the University of California, Irvine, on 5 July 1984 and housed singly in an environmental chamber on a 12-h photophase (30 C day, 20 C night) until parturition. The 47 dams gave birth to 563 offspring (271 male, 280 female) between 2 Aug. and 6 Sept. 1984 (mean litter size = 12.09 ? SD of 5.103, range = 1-26). At birth, offspring were weighed to the nearest 0.01 g, and progeny were divided into two groups (mean total litter mass = 29.94 ? SD of 13.022, range 2.88-53.18 g; 16 progeny were not weighed; total litter mass was obtained in these cases by substituting the mean sibling mass). Up to six progeny per family (n = 246) were selected randomly for use in studies of the quantitative genetics of activity metabolism (Garland, 1988 (Garland, , 1994 Garland and Bennett, 1990; Garland et al., 1990) ; the others were sacrificed by freezing immediately after weighing. Additional details of the maintenance conditions are described in Garland (1988) . The important point for this study is that all progeny experienced at least one month of development time under standardized conditions of temperature and photoperiod (mean number of days = 49 ? SD of 7.6 days). As discussed earlier, limited evidence suggests that this period may coincide with scale formation in garter snakes; scale counts do not change after birth. Dams and all progeny were later preserved in formalin, then stored in 70% ethyl alcohol and shipped to the University of Wisconsin-Madison in 1987.
Scale counts.-A total of five body and six head scale counts (see Table 1 ) were chosen for study (Ruthven, 1908) . Scales were counted under a binocular dissecting scope (8-10x magnification) for up to 545 offspring and 44 dams, only by the senior author (Lee, 1990) . Three adult females and 18 progeny were either missing or could not be reliably scored. The head scales counted were loreals, pre-and postoculars, supra-and infralabials, and temporal rows. For populations of T. sirtalis, preoculars and loreals are usually an invariant one per side, whereas from two to four (typically three) postoculars occur (Fitch, 1949) . On each side of the head, there are 6-9 (usually seven) supralabials, from 8-12 (usually 10) infralabials, and typically five temporals arranged in three rows. Counts for left and right sides of the head were summed for subsequent analysis. Ventral and subcaudal scale numbers were counted according to standard techniques (Dowling, 1951) , as were dorsal scale rows at midbody. Two derived traits were also recorded: number of ventral scutes from the anal plate to the caudal end of the umbilical scar (UMBPOS); number of ventral scutes spanned by the umbilical scar (UMBSIZ). Such derived traits are common in the systematic literature (e.g., Thorpe, 1975; Rossman, 1979; Benton, 1980 (Shaw, 1987) . First, it does not require balanced designs; litter size of our garter snakes ranged from 1-26. Second, it allows tests of significance for genetic and environmental correlations that are not available for least-squares estimates, although the significance levels are conservative and may have low power (Shaw, 1987) .
Point estimates of variance components were based on analyses of single characters. Estimates of genetic covariances were based on analyses of four character subsets, because we were unable to execute Shaw's (1987) program with all eight characters. In addition, genetic parameters were estimated for 44 sets of dams and offspring rather than the full data set because data were lacking for three dams. Thus, 25 offspring were excluded. Again, this was necessary to run the program. If estimates for any variance components were negative, these were constrained to zero, along with all covariances for that component, and new estimates were obtained. For significance testing, the likelihood of a further-constrained model was compared to that of the less-constrained model. Twice the difference in log likelihoods is distributed approximately as a chi-square with the number of parameters constrained to zero taken as the degrees of freedom (Shaw, 1987) .
The head scales and one of the derived traits (UMBSIZ) exhibited relatively few classes and thus discontinuous distributions. Estimation of quantitative genetic parameters from discontinuous traits should be interpreted using a threshold model (Gianola, 1982; Falconer, 1989 ). An underlying, continuously distributed liability for expression is assumed to exist for the expression of the trait; the observed phenotypic discontinuity is the expression of both genetic and environmental variation that has "mapped" onto a set of fixed thresholds (Gianola, 1982 Additive genetic variances and covariances were estimated from phenotypic scores of both dams and offspring. Although the inferences apply to the natural population from which the dams were obtained, the critical environmental circumstances for scale development certainly differ between the dams and offspring (Riska et al., 1989; Schwartz and Herzog, 1992) . The offspring experienced a minimum of 28 days of development under laboratory conditions, whereas the adult female counts were the result of life-long development in nature. Several potential confounding issues need to be considered. For example, if specific environmental differences between the laboratory and nature affect genotypes differently, substantial genotype-by-environment interaction may be present. Thus, the genetic correlations reported in this paper would be lower than the actual "natural" genetic correlations (Falconer, 1989 ; Riska et al., 1989). Selection on the dams would also complicate inferences.
Nongenetic maternal effects contribute to the covariance of full siblings, thus inflating estimates of heritability (Willham, 1963 ) and genetic correlation (Lande and Price, 1989) . In addition to developmental temperatures, nongenetic maternal effects mediated through maternal size (e.g., dam's age, nutritional status) might affect scale counts of the progeny (see discussion in Garland, 1988 Garland, , 1994 We also examined the distribution of each character and used procedures described in Sokal and Rohlf (1981) to test for significant deviations from normality. The transformations that best approximated normality (e.g., log, square, z3, z4) were then used in the genetic analyses of raw characters and for computing residuals, which were also checked for normality. For a comparative measure of variability of all meristic traits, we log,0-transformed each trait, regressed them on significant covariates (see Results), then compared standard deviations of residuals (multiplied by 2.3026 because the variables were log,0-transformed). This quantity is approximately equivalent to a coefficient of variation (Lewontin, 1966; Garland, 1984 Ruthven, 1908; Fitch, 1949) , the number of scale rows along the dorsal midbody was virtually invariant (two of 543 offspring had 17 and 20 rather than 19 scale rows). Loreals were also invariant and preoculars almost so (two of 544 offspring had four rather than two preoculars). These three characters were excluded from all subsequent analyses.
Coefficients of variation were lowest for ventrals and subcaudals and considerably greater for the two composite body scale traits, UMB-POS and UMBSIZ (Table 2 ). Relative variation for the head scales ranged from a low of 3.8% for supralabials to 20.0% for temporals ( Table  2 ). The relative variability of characters was essentially unchanged after computing residuals (Table 2) . Adults were either less variable or similar to offspring in variability, after accounting for sex differences. ) were also approximately normally distributed for both ventrals and subcaudals, although the distributions became somewhat more skewed (Fig. 1) . The raw scores for UMBPOS were positively skewed and leptokurtotic but were normalized with a log,0-transform, and residuals were approximately normal (Fig. 1) . The distribution of UMBSIZ was also positively skewed; the best transform (log10) improved normality, but residuals became noticeably discontinuous (not shown). Among the residual head scale characters, only temporals approximated a normal distribution (Fig. 1) . the multiple regression equations, we calculated full-sib heritabilities (see Garland, 1994 ; Brodie and Garland, 1993) for the transformed scale counts (Table 3) . Variation among families was highly significant for all meristic traits; however, these components of variance may be in- flated by maternal effects, which we attempted to remove by regressing the characters on appropriate covariates and taking residuals. For example, estimates of birth mass heritability are greater than one (not listed in Table 3 ), which suggests that resemblance for birth mass within families is strongly influenced by maternal effects, in addition to any genetic effects (the among-family component of variance was 73.0%; P < 0.0001). Of the potential covariates (see Materials and Methods), dam SVL and body mass (measured after parturition), offspring birth mass, and litter size were significantly correlated (Table 4) and offspring mass at birth (Table 4) . These negative correlations with body mass probably reflect the fact that many dams refused to eat while in captivity and, hence, lost mass. Although all meristic trait variation showed some covariation with combinations of the potential maternal covariates, none of the covariates explained more than a few percent of the variation, other than that attributable to sexual dimorphism (Table 5) . A small but significant amount of variation in all traits except subcaudals and postoculars was accounted for by the number of days in the laboratory experienced by the dam prior to birth (DAYS or DAYS2). Offspring body mass at birth accounted for a small portion of the variation in the two derived traits (UMBPOS and UMBSIZ) but was not a significant covariate for any of the other traits. The dam's size (as indicated by either her mass or snout-vent length) had little effect on scale count variation. Interestingly, temporal scale variation was correlated with all of the potential covariates except body mass at birth, although the total explained variation was still small (11 % in Table 5 ).
Results of t-tests and

Among
Heterogeneity of variances among families may partly reflect major gene effects on the phenotype (review in Mitchell-Olds and Rutledge, 1986). With the exception of the subcaudals (Cochran's C = 0.050, P = 0.340; Bartlett-Box F = 1.199, P = 0.170), UMBPOS (Cochran's C = 0.0619, P = 0.057, Bartlett-Box F = 1.175, P = 0.196), and infralabials (Cochran's C = 0.0539, P = 0.167, Bartlett-Box F = 2.176, P < 0.001), most of the residual characters showed significant heterogeneity of variances among families. This was confirmed using Levene's test, an ANOVA of absolute deviations of each individual's score from its family mean (Schultz, 1985; Garland, 1988 ). Levene's tests indicated significant among-family differences in variability for all eight meristic traits, with the among-family component of variance averaging 20%.
Heritabilities.-Restricted maximum likelihood estimates of additive genetic, nonadditive genetic (plus some possible maternal), and environmental variances are reported in Table 6 . Because maximum likelihood provides the best parameter estimates for meristic traits, only results from the maximum likelihood estimates will be discussed here, unless otherwise specified. In most instances, both ANOVA and regression estimates for residuals (Table 3) were similar to maximum likelihood estimates.
Maximum likelihood estimates of narrowsense heritabilities were moderate to high only for ventral (0.29), subcaudal (0.41), and temporal (0.59) scale counts, with only the last judged significant by likelihood ratio tests (Table 6). Regression estimates were similar for these three traits, but all were significantly different from zero (Table 3) . The low heritabilities of the other five traits are not a simple function of low relative variation (see Table 2 and Discussion). All of the ANOVA estimates were significantly different from zero (Table 3).   TABLE 5 .
RESULTS FROM MULTIPLE REGRESSION ANALYSES OF OFFSPRING SCALE COUNTS ON OFFSPRING MASS
AND MATERNAL TRAITS. All meristic counts were transformed prior to analyses (see Table 2 ). Partial r2 reported are for sex-corrected residuals (asterisks denote significant sexual dimorphism, see Results). NS indicates no significant covariation (P > 0.05). Nonadditive genetic variance (confounded by possible maternal effects) accounted for almost all variance in the two derived body traits, UMBPOS and UMBSIZ, and for most of the variance in infralabials (Table 6 ; zeros have been entered where negative variance components were estimated). The sums of the additive and nonadditive genetic columns in Table 6 set upper limits on broad-sense heritabilities and would equal broad-sense heritability if maternal effects were absent. Thus, the majority of the phenotypic variation appears to be genetic in origin for three of the four body traits and for two of four head scale counts. In contrast, environmental sources accounted for most of the variation in ventrals, supralabials, and postoculars.
Maternal trait
Phenotypic, genetic, and environmental correlations.-Eleven of the 28 phenotypic correlations were significant in pairwise tests (Table 7) , whereas only 1-2 would be expected to appear significant by chance alone. In general, however, the phenotypic correlations were small. For example, the phenotypic correlation between ventral and subcaudal residuals was only 0.25, and, perhaps surprisingly, the correlations between ventral and UMBPOS residuals, the latter a derived trait expressed by the number of ventrals from the anal plate, was only 0.08. Our estimate of the phenotypic correlation between ventral and subcaudal scales is within the range of values estimated by Arnold (1988) for several populations of T. elegans. All phenotypic correlations among the head scales were positive, but none exceeded 0.23.
Principal component analysis of the correlation matrix (not shown) illustrates the weak phenotypic correlation structure: PCI accounts for only 18.7% of the total variance and shows strong loadings only for the four head scales; PCII (15.6% of variance) shows strong loadings for ventrals and subcaudals only; PCIII (13.8% of variance) shows a strong loading for UMB-POS; PCIV (12.4% of variance) shows a strong loading for UMBSIZ. Thus, no PC indicates strong correlations between body or head scales.
Restricted maximum likelihood estimates of additive genetic, nonadditive genetic, and environmental correlations are presented in Table 7. [Regression estimates of additive genetic and environmental correlations were generally quite similar (Table 8 ).] Five of the additive genetic correlations were quite large in magnitude, and three of 28 were statistically significant by chi-square tests. Not surprisingly, those between ventrals and caudals and between inra-and supralabials were positive and signifi- cant. Surprisingly, temporals were positively genetically correlated with ventrals and negatively genetically correlated with both labial scales. Owing to the large number of zero genetic and environmental correlations, both matrices were ill-conditioned for principal component analysis. Significant negative nonadditive genetic correlations existed between subcaudals and four other traits, between UMBPOS and UMB-SIZ and between temporals and postoculars. The environmental correlation between infra-and supralabials was significantly negative and, thus, opposite of the genetic correlation. Infralabials and ventrals showed a significant positive environmental correlation, again the opposite of the genetic correlation. In general, phenotypic correlations approximate the average of the additive genetic, nonadditive genetic, and environmental correlations, although covariances are additive, not correlations; exceptions occur where some variance components and, hence, covariances have been constrained to zero (see Table 7 ). ventral and subcaudal scales, between numbers of supra-and infralabials, and (surprisingly) between some body and head scale counts. Thus, the epidermal scale counts studied herein do not represent eight evolutionarily independent traits. (4) In general, none of the maternal characteristics (e.g., body size, litter size, time in captivity) explained more than a few percent of the variation in scale counts.
Maternal and nongenetic covariation.-Maternal effects may bias quantitative genetic estimates (Falconer, 1989; Lande and Price, 1989) . Our knowledge of environmental and maternal effects on meristic counts in reptiles is largely restricted to temperature effects during development. In an extensive study with T. elegans, S. J. Arnold and C. R. Peterson (pers. comm.) found no effect of maternal temperature on preocular or postocular scale counts, whereas ventrals, subcaudals, and both supra-and infralabial scales showed a curvilinear response.
Although all meristic trait variation showed some relationship with combinations of the potential maternal covariates in our study, none of the covariates explained more than a few percent of the variation (other than that owing to sexual dimorphism; Table 5 ). For example, the number of days in the laboratory experienced by the dam prior to giving birth had a small but significant effect on variation in all traits except subcaudals and postoculars; this may be attributable to nutritional condition rather than to temperature effects. Maternal size (mass or SVL), which reflects both maternal age and nutritional status, accounted for a small, (Table 6 ) and a genetic correlation of 0.67 (Table 7) . No estimates of heritabilities or genetic correlations of reptilian head scale counts have previously been published.
Morphological integration and genetic correlations.-The concept of morphological integration, as proposed by Olson and Miller (1958) , provides a useful framework for considering patterns of variation among the meristic traits measured in this study. Morphological integration predicts that functionally or developmentally related characters should be correlated and hence evolve as a unit (Olson and Miller, 1958; Zelditch, 1987 Zelditch, , 1988 . In turn, functional and developmental interactions should be reflected in patterns of genetic variation and covariation (Cheverud, 1982; Riska, 1989) .
Body scale formation in all reptiles studied to date begins in the neck region and proceeds rapidly caudally and ventrally; in snakes, the ventrals and subcaudals appear prior to the formation of the head scales. Based on the timing (as well as the physical proximity) of scale formation during development in garter snakes (Zehr, 1962) , we had predicted that there would be little correlation between head scales and body scales. At the phenotypic level, this was largely true; correlations between the two regions of the body were remarkably low (Table  7) . Genetic correlations, however, revealed a different pattern; some body and head scale counts did show significant additive genetic correlations, both positive and negative (Table 7) . Several, not mutually exclusive, interpretations are consistent with these findings. First, the relationship between developmental timing (Zehr, 1962 ) and the pleiotropic effects of genes may be less direct than expected. Charlesworth (1990) and Houle (1991) have noted that unless the genetic correlation between two traits is near + 1, it may be difficult to infer by examination of the genetic variance-covariance matrix whether all variation is in fact constrained by pleiotropic effects. Second, the apparent genetic integration between head and body meristic traits observed in this population may be temporary and unstable, a consequence of genetic drift or of recently changed selective pressures (Cheverud, 1982 (Cheverud, , 1984 Atchley, 1987) . In fact, Garland et al. (1990) have suggested that this population may not be at genetic equilibrium, because of recent environmental changes and possible consequent changes in selection pressures. Third, our understanding of the developmental processes that lead to the formation of scale counts is only rudimentary (Maderson, 1985) . Therefore, our prediction of no genetic correlation between head and body meristic counts, based on a simple model of developmental timing (e.g., Zelditch, 1987, 1988) , may have been misleading. Similarly, Garland (1988) found that, whereas a consideration of muscle physiology and comparative data suggests a trade-off between capacities for locomotor speed and stamina, the genetic correlation between these two traits is actually positive in these garter snakes (see also Tsuji et al., 1989; Garland, in press).
Are genetic and environmental correlations correlated?-Because genetic and environmental effects act through the same biochemical and developmental pathways, one might expect patterns of genetic and environmental correlations to be similar (Cheverud, 1984) . Previous empirical studies, however, report both positive and negative relationships (Hegman and DeFries, 1970; Cheverud, 1982 Cheverud, , 1984 . In our study, the relationship between additive genetic and environmental correlations was moderately negative but insignificant (Fig. 2) . Quantitative genetic parameters and character weighting.-As noted by Neff (1986), character weighting is "... an unavoidable part of systematics in one or more of its guises." Character weighting may be defined as a judgment implying that one character is a better indicator of phylogeny than another (Neff, 1986; Mayr and Ashlock, 1991) . Although a number of character weighting approaches have been proposed, all currently used methods are based solely on phenotypic variation, with the assumption that this variation is genetically based (Archie, 1985) . Recently, however, several authors have suggested that estimates of heritability and genetic correlation could be used directly to weight characters for use in phylogeny reconstruction (Atchley, 1983; Schaffer, 1986; Felsenstein, 1988; H. B. Shaffer and R. N. Fisher, pers. comm.).
With respect to single traits, most systematists would tend to assign low weight to traits with low heritability and high weight to traits with high heritability, on the assumption that the latter better reflect phylogenetic relationship (Underhill, 1969; Atchley, 1983; Shaffer, 1986 ; H. B. Shaffer and R. N. Fisher, pers. comm.). Additionally, traits with high heritability might appropriately be assigned high weight if they are presumed to be of little selective importance (Falconer, 1989; Garland et al., 1990 ). On the other hand, Felsenstein (1988) has suggested that it may be more appropriate to assign lower weights to traits with high heritability, because this indicates the direction on the fitness surface along which selection or drift could lead to the most rapid evolutionary changes, including adaptation and convergent evolution. These arguments involve assumptions about the action of selection on morphological traits. Systematists may prefer to "avoid" such assumptions (Kirsch, 1982; Felsenstein, 1988 ), but it is clear that traits differ in heritability. In our study, heritabilities range from zero to almost 0.6. Ignoring such information is equivalent to assuming that all traits are equally heritable or that the genetic basis of traits does not matter.
With respect to multiple traits, Schluter (1984) suggested that the additive genetic variancecovariance matrix could be incorporated into measures of Euclidean distance among populations, to account both for the correlations between traits and for the traits' susceptibility to change under directional selection. Shaffer (1986) proposed a qualitative approach using genetic correlations to help identify independent characters prior to phylogenetic reconstruction. This is important, because lack of independence among characters may inflate the confidence one has in a constructed tree (see discussion in Shaffer, 1986). Similarly, Eldredge (1979) suggested that functionally or developmentally integrated complexes might be con- Table 7. sidered and analyzed as a single character rather than as many attributes of what is actually one "composite" trait (Riska, 1989) .
More recently, Lynch (1989) has proposed that the between-species variance be used as a "generalized distance measure" to construct phylogenetic trees under a neutral model of evolution. The measure could be weighted by the inverse of the within-population genetic variance. Lynch's proposal is similar to Schluter's in that both assign low weight to characters with high heritability. However, the difference is in the choice of an evolutionary model; Schluter's approach assumes that selection accounts for the mean divergence between two species, 999 ?? -=,, whereas Lynch's model assumes that genetic drift accounts for the divergence between species (Lynch, 1989) . In some cases, it may be possible to predict a priori which traits are more likely to have been subject to relative strong selection (e.g., organismal performance traits; Arnold, 1983; Garland et al., 1990; Garland and Losos, 1994).
Such approaches to character weighting would require knowledge of the additive genetic variance-covariance matrices for all taxa included in the study-an exceedingly unlikely situation. Nevertheless, even studies of genetic correlations in single species ( Table 7 ) can suggest that some traits would provide largely redundant information for phylogenetic reconstruction, and a principal component analysis of a genetic variance-covariance matrix might be useful for identifying a smaller subset of independent characters.
